Living within the vicinity of wind turbines may have adverse impacts on health measures associated with quality of life (QOL). There are few studies in this area and inconsistent findings preclude definitive conclusions regarding the impact that exposure to wind turbine noise (WTN) may have on QOL. In the current study (officially titled the Community Noise and Health Study or CNHS), the World Health Organization QOL-BREF (WHOQOL-BREF) questionnaire provided an evaluation of QOL in relation to WTN levels among randomly selected participants aged 18-79 (606 males, 632 females) living between 0.25 and 11.22 km from wind turbines (response rate 78.9%). In the multiple regression analyses, WTN levels were not found to be related to scores on the Physical, Psychological, Social or Environment domains, or to rated QOL and Satisfaction with Health questions. However, some wind turbine-related variables were associated with scores on the WHOQOL-BREF, irrespective of WTN levels. Hearing wind turbines for less than one year (compared to not at all and greater than one year) was associated with improved (i.e. higher) scores on the Psychological domain (p¼0.0108). Lower scores on both the Physical and Environment domains (p ¼0.0218 and p¼0.0372, respectively), were observed among participants reporting high visual annoyance toward wind turbines. Personal benefit from having wind turbines in the area was related to higher scores on the Physical domain (p¼ 0.0417). Other variables significantly related to one or more domains, included sex, age, marital status, employment, education, income, alcohol consumption, smoking status, chronic diseases and sleep disorders. Collectively, results do not support an association between exposure to WTN up to 46 dBA and QOL assessed using the WHOQOL-BREF questionnaire. Crown
Introduction
Quality of life (QOL) evaluation in health research emerged in the 1970s in order to supplement traditional morbidity and mortality outcomes. The meaning of the concept of QOL and how it can be reliably evaluated has been studied for many years. The World Health Organization (WHO) defines QOL as "an individual's perception of their position in life in the context of the culture and value systems in which they live, and in relation to their goals, expectations, standards and concerns" (WHOQOL Group, 1994) . Quality of life is a global measure, broader than health status, inherently subjective and pertains to all aspects of life important to the person (Harrison et al., 1996; Molzahn and Pagé, 2006) . There is evidence that dissatisfaction with environment, psychological and/or social domains may impact physical health and well-being in individuals (Guite et al., 2006; Silva et al., 2012) .
The methodologies and tools used in environmental noise studies are wide-ranging and have included participant diaries, observational checklists, specialized questionnaires, validated health measures scales and/or QOL scales. The use of a validated measure can be advantageous in that psychometric evaluation such as validity and reliability testing has been completed. In addition, the use of a standardized measure facilitates comparisons across studies enabling trends in research to be more easily examined.
Many QOL studies have used the World Health Organization QOL (WHOQOL)-100, a questionnaire consisting of 100 items divided into multiple domains, which has demonstrated discrimination between healthy and ill populations (WHOQOL Group, 1998 ). An abbreviated 26-item version (i.e. WHOQOL-BREF) has also been used in numerous studies to evaluate perceptions of health. This questionnaire, developed using data from 30 international field centres, has been found to be an effective crosscultural assessment of QOL with good to excellent psychometric properties of reliability and validity (Kalfoss et al., 2008; Skevington et al., 2004) . The WHOQOL-BREF consists of 4 domains, Physical Health, Psychological, Social Relationships, and Environment. Each domain is comprised of multiple questions that are considered together in the derivation of each domain score. In addition to the 4 domains, the WHOQOL-BREF includes two standalone questions to assess rated QOL and Satisfaction with Health (WHOQOL Group, 1994) .
Some environmental noise studies have utilized QOL measures to quantify and compare community response to different noise sources (Shepherd et al., 2010; Welch et al., 2013) , with the general observation that increasing exposure to noise is associated with decreased QOL. As reliance on wind power as a source of energy increases, the introduction of wind farms into communities is sometimes resisted or negatively received based, at least in part, on the perception that exposure to wind turbine noise (WTN) has adverse impacts on health and QOL. In a review of literature related to the health effects of WTN, the Council of Canadian Academies (2015) concluded that the only health effect with sufficient evidence for a causal association with exposure to WTN was long term annoyance. Among the Council's key findings was an acknowledgement that there was a paucity of epidemiological studies to draw upon and those that did exist suffered from methodological problems that included, but were not limited to weak statistical power, bias, and lack of controls. Other reviews by researchers and government agencies have reached similar conclusions (Chief Medical Officer of Health Ontario, 2010; Knopper et al., 2014; MassDEP and MDPH, 2012; Merlin et al., 2014; Oregon Health Authority, 2013; Schmidt and Klokker, 2014) .
In comparison to the large body of scientific literature examining the response to transportation noise, there are few original epidemiological studies that have investigated the possible impact on QOL among communities living within the vicinity of wind turbines and among those studies, only a limited number of them have utilized validated instruments to examine QOL (Onakpoya et al., 2014) . Shepherd et al. (2011) reported that individuals who lived near a wind farm scored worse on general QOL and on the Physical and Environment domains of the WHOQOL-BREF compared to a geographically and socioeconomically matched group living at least 8 km from any wind farms. Conflicting results were found in two other wind turbine studies (Mroczek et al., 2012; Nissenbaum et al., 2012) , where QOL was evaluated using a Short Form Health Survey (SF-36 s ) to examine health outcomes in individuals who lived close to wind turbines and those who lived further away. Nissenbaum et al. (2012) reported lower scores on the mental, but not physical component of the SF-36 s , among 38 participants living between 375 m and 1400 m of a wind turbine when compared to 41 participants living between 3.3 km and 6.6 km from a wind turbine. This is in contrast to the findings from a much larger study by Mroczek et al. (2012) where improved QOL for all SF-36 s domains was found among those living at the closest distance to a wind farm (i.e. o700 m), in comparison to those living beyond 1500 m. In an extended analysis, Mroczek et al. (2015) reaffirmed a higher reported QOL among participants living closer to wind turbines, relative to those living further away and reported that the stage of the wind farm development was an important factor in this regard. These incongruent results, in addition to their methodological issues, small sample sizes and low response rates underscored the need for more research.
Where wind turbines are concerned, it has also been shown that there can be adverse community reactions to features that go beyond WTN emissions. In particular, self-reported health effects have been attributed to features such as shadow flicker. Wind turbine shadow flicker is a phenomenon caused by the flickering effect of rotating blades periodically casting shadows over some but not all neighbouring properties and through windows (Bolton, 2007; Department of Energy and Climate Change (DECC), 2011; Saidur et al., 2011) . With their blade length accounted for, utilityscale wind turbines can reach 130 m and wind farms can include dozens of wind turbines. Their height necessitates aircraft warning signals (e.g. blinking lights on the turbine nacelle) and the visual intrusion of wind turbines on the landscape, in addition to WTN, are features that are known to underlie the response to wind turbines (Harding et al., 2008; Pedersen and Larsman, 2008; Pohl et al., 1999; Smedley et al., 2010; van den Berg et al., 2008) . While the annoyance response to shadow flicker and/or blinking lights on top of wind turbines has been investigated (Katsaprakakis, 2012; Pohl et al., 2000 Pohl et al., , 2012 , the only field study to assess QOL measures as a function of shadow flicker exposure was published in German by Pohl et al. (1999) . In this study, exposure to shadow flicker was related to decreased QOL and elevated annoyance (Pohl et al., 1999) .
In assessing the potential contribution that exposure to wind turbines may have on health and QOL, it is important to consider personal and situational factors that may influence reported QOL. For instance, expectations of negative reactions and worry about perceived risk may play a role in self-reported health impacts related to wind turbines (Crichton et al., 2014; Henningsen and Priebe, 2003) . Others have found attitudinal factors, personality traits and personal benefit from wind turbines influenced the magnitude of the annoyance to wind turbines; which in turn may be responsible for reported health effects (Chapman et al., 2013; Rubin et al., 2014; Taylor et al., 2013; Pedersen et al., 2009 ). Regardless of the mechanisms, it is well known that self-reported health is highly correlated with QOL (Bowling, 1995; Hutchinson et al., 2004) .
The objective of the present paper was to assess self-reported QOL among individuals living in areas with varying levels of WTN exposure. To this end, the WHOQOL-BREF was administered as part of Health Canada's CNHS. The underlying hypothesis in the current study is that if QOL is adversely impacted by WTN exposure, participants living in areas with higher exposures to WTN would yield lower scores on the WHOQOL-BREF.
Methods
2.1. Sample design 2.1.1. Target population, sample size and sampling frame strategy A detailed description of the study design and methodology, the target population, final sample size and allocation of participants, as well as the strategy used to develop the sampling frame has been described by Michaud et al. (2013) and Michaud (2015) . Briefly, the study locations were drawn from areas in southwestern Ontario (ON) and Prince Edward Island (PEI) where there were a sufficient number of dwellings within the vicinity of wind turbine installations. There were 2004 potential dwellings identified from the ON and PEI sampling regions, which included 12 and 6 wind farms, representing a total of 315 and 84 wind turbines respectively. The wind turbine electrical power outputs ranged between 660 kW and 3 MW (average 2.0 7 0.4 MW). All turbines were modern monopole design with 3 pitch controlled rotor blades (~80 m diameter) upwind of the tower and most had 80 m hub heights. All dwellings within approximately 600 m from a wind turbine and a random selection of dwellings between 0.60 and 11.22 km were selected from which one person per household between the ages of 18 and 79 years was randomly chosen to participate. Several factors influenced the determination of the final sample size, including having adequate statistical power to assess the study objectives, and the time required for collection of data (Michaud et al., 2013) . Taken together, it was determined that a sample size of approximately 1100 would be required to meet study objectives. It was likely that this sample size would be sufficient to detect statistically significant impacts on QOL in the current study given that Shepherd et al. (2011) reported a statistically significant impact on QOL using the WHOQOL-BREF among 39 participants living near wind turbines when compared to 158 participants living further away.
Wind turbine sound pressure levels at dwellings
Outdoor wind turbine sound pressure levels were estimated at each dwelling using both ISO 9613-1 and ISO 9613-2 (ISO 1993 (ISO , 1996 as incorporated in the commercial software CadnaA version 4.4 (DataKustik GmbH s , 2014). The calculations included all wind turbines within a radius of 10 km, and were based on manufacturers' octave band sound power spectra at 8 m/s, standardized wind speed and favourable sound propagation conditions. Favourable conditions assume the dwelling is located downwind of the noise source, or a stable atmosphere and a moderate ground based temperature inversion. Although different wind speeds and temperature difference could not be considered in the model calculations due to a lack of relevant data, 8 m/s was considered a reasonable estimate of the highest noise exposure conditions. The manufacturers' data were verified for consistency using on-site measurements of wind turbine sound power. The standard deviation in sound levels was estimated to be 4 dB up to 1 km, and at 10 km the uncertainty was estimated to be between 10 dB and 26 dB. While calculations based on predictions of WTN levels reduces the risk of misclassification compared to direct measurements, the risk remains to some extent.
Outdoor WTN levels were also modeled in C-weighted values (dBC), however due to the similarity of the sound power spectra, dBC levels were highly correlated with dBA levels such that there was no additional benefit in using dBC in the current study. Unless otherwise stated, all dB references are A-weighted. A-weighting filters out high and low frequencies in a sound that the human auditory system is less sensitive to at low sound pressure levels.
Data collection

Questionnaire development, administration and refusal conversion strategies
The questionnaire instrument included the following modules: noise annoyance, health effects, sleep quality, perceived stress, lifestyle behaviours and prevalent chronic disease. QOL was assessed using the WHOQOL-BREF. This 26 item QOL instrument has shown good to excellent psychometric properties and is cross culturally sensitive (WHOQOL Group, 1998) . The WHOQOL-BREF generates a profile and score for each of the 4 QOL domains; questions are centered around the meaning respondents attribute to each aspect of life and how problematic or satisfactory they perceive them to be (Skevington et al., 2004) . The Physical Health domain includes questions pertaining to sleep, energy, mobility, the extent to which pain prevents performance of necessary tasks, the need for medical treatment to function in daily life, level of satisfaction with their capacity for work. The Psychological domain focuses on the ability to concentrate, self-esteem, body image, spirituality i.e. the extent to which they feel their life is meaningful, the frequency of positive or negative feelings i.e. blue mood, despair, anxiety, depression. The Social Relationships domain includes questions pertaining to satisfaction with personal relationships, social support systems and sexual satisfaction. The fourth domain, the Environment, includes questions related to safety and security, home and physical environment satisfaction, finance i.e. does the respondent have enough money to meet their needs, health/social care availability, information and leisure activity accessibility and transportation satisfaction (Skevington et al., 2004) . In addition to the 4 domains, the WHOQOL-BREF includes two stand-alone questions, one pertaining to the respondents' rated QOL, and one related to their Satisfaction with Health. The WHOQOL-BREF instructions specify that this questionnaire is to be used without modification (WHOQOL-BREF, 1996) .
Throughout data collection, the Health Canada study was officially referred to as the "Community Noise and Health Study" in an attempt to mask the true intent of the study, which was to investigate the association between health and WTN exposure. This approach is commonly used in epidemiological studies to avoid a disproportionate contribution from any group that may have distinct views regarding a study subject, such as wind turbines. Data collection took place through in-person interviews between May 2013 and September 2013 in southwestern ON and PEI. Once a roster of all adults, 18-79 years, living in the dwelling was compiled, a computerized method was used to randomly select one adult per household. No substitution was permitted; therefore, if the targeted individual was not at home or unavailable, alternate arrangements were made to encourage participation at a later time.
All 16 interviewers were instructed to make every reasonable attempt to obtain interviews, which included visiting the dwelling at various times of the day on multiple occasions and making contact by telephone when necessary. If the individual refused to participate, they were then contacted a second time by either the senior interviewer or another interviewer. If, after a second contact, respondents refused to participate, the case was coded as a final refusal.
Statistical analysis
The 4 domains are factors based on the 26 questions which make up the WHOQOL-BREF. As such they are treated as continuous outcomes with each domain score converted to scores ranging between 4 and 20, in accordance with the first transformation method outlined in the WHOQOL-BREF scoring instructions (WHOQOL-BREF 1996) . The two stand-alone questions related to QOL rating and Satisfaction with Health were analysed separately, as recommended by WHOQOL-BREF (1996) . These two questions include five point response categories for QOL: "very poor", "poor", "neither poor nor good", "good" and "very good" and for Satisfaction with Health: "very dissatisfied", "dissatisfied", "neither satisfied nor dissatisfied", "satisfied" and "very satisfied". Analysis was performed after collapsing the bottom two categories (i.e., for QOL "very poor" and "poor"; for Satisfaction with Health "very dissatisfied" and "dissatisfied") and comparing them to the top three. This approach produced the following derived variables: "poor QOL" vs. "good QOL" and "dissatisfied with own health" vs. "satisfied with own health". Therefore, unlike the 4 domains, these two questions are treated as binary outcomes.
The relationship between sensitivity to noise, QOL and WTN exposure was also considered. Sensitivity to noise was scored on the following five-point response scale: "not at all", "slightly", "moderately", "very" and "extremely". The response scale for this variable was dichotomized with "high sensitivity" including the "very" and "extremely" categories; and "low sensitivity" including "not at all", "slightly" and "moderately" categories. A sensitivity analysis was conducted to investigate the advantage of keeping the noise sensitivity as a 3 scale parameter ("highly", "moderately", "low"). Conclusions in the analysis were similar whether noise sensitivity was included as a dichotomized scale or a 3 scale parameter (i.e. there was no statistical difference in QOL domains between those having moderate noise sensitivity and low noise sensitivity). No additional information was gained by including the 3 scale parameter (results not shown).
The analysis for continuous and categorical outcomes follows the description outlined in Michaud et al. (2013) . Final WTN categories (dBA) were defined as follows: {o 25; 25-o30; 30-o35; 35-o40; and 40-46}. Univariate analyses of WHOQOL-BREF domains, rated QOL and Satisfaction with Health questions were carried out in relation to a number of variables which could conceivably be expected to influence QOL. The analysis of each variable only adjusts for WTN exposure category and province, and interpretation of any individual relationship must therefore be made with caution. Multiple linear regression models for the domains (continuous outcomes) and multiple logistic regression models for the two stand-alone questions (binary outcomes) were developed using the stepwise method with a 20% significance entry criterion (determined from the univariate analyses, see Supplemental material). A 10% significance criterion was applied to retain variables in the model. The stepwise regression was carried out in three different ways: (1) the base model included exposure to WTN categories and province; (2) the base model included exposure to WTN categories, province and an adjustment for participants who received personal benefit; and (3) the base model included exposure to WTN categories and province, conditional for those who received no personal benefit. In cases when cell frequencies were small (i.e. o5) in the contingency tables or logistic regression models, exact tests were used as described in Agresti (2002) and Stokes et al. (2000) . Since this latter technique is very computationally intensive, the WTN level categories had to be treated as a continuous variable. All models were adjusted for provincial differences with province initially considered as an effect modifier. Since the interaction was not statistically significant, province was treated as a confounder in the linear and logistic regression models. Statistical analysis was performed using Statistical Analysis System (SAS) version 9.2. A 5% statistical significance level was implemented throughout unless otherwise stated. Pairwise tests or multiple comparisons were only conducted when the overall significance of the variable was less than 0.05. In addition, Tukey (for continuous outcomes) and Bonferroni (for binary outcomes) corrections were carried out to account for all pairwise comparisons to ensure that the overall Type I (false positive) error rate was less than 0.05. Only variables which are conceptually, and/or have been previously found to be related to QOL were included in the analysis.
Results
Wind turbine sound pressure levels at dwellings, response rates and sample characteristics
Calculated outdoor sound pressure levels reached levels as high as 46 dB. Calculations are representative of typical worst case long term (1 year) average WTN levels. Initially, 2000 addresses were targeted, with 4 additional addresses added during field investigations. Of the 2004, 1570 addresses were considered to be valid dwellings, from which 1238 occupants agreed to participate in the study (606 males, 632 females). This produced a final calculated response rate of 78.9%. The 434 dwellings that were found to be out-of-scope was anticipated based on previous surveys carried out in rural Canadian areas and on Census data forecasting a higher out-of-scope dwelling rate in PEI compared to ON. A characterisation of the out-of-scope locations is provided in Michaud (2015) .
Factors that might be expected to influence QOL, such as selfreported prevalence of chronic disease, health conditions, noise sensitivity and reporting to be highly sleep disturbed in any way, for any reason, were all found to be equally distributed across WTN categories (Michaud, 2015) . Table 1 presents the summary statistics and Cronbach's alpha for the WHO domains. Cronbach's alpha, a measure of the internal consistency of the facets/domains, was above the recommended 70% for all domains except Social Relationships (Cronbach's alpha ¼66%). This indicates that the correlation within the data for the three items used to determine the Social Relationships domain was found to be questionable within the current study. Caution is therefore advised when interpreting the results within this domain. In the case of a Cronbach's alpha of o0.70, it is recommended that the item(s) least correlated with the construct be dropped one at a time. However, this approach would yield a Social domain that consists of only two questions. Furthermore, analysis of individual items is not recommended as there is a risk of considerable random measurement error (McIver and Carmines, 1981; Nunnally and Bernstein, 1994; Spector, 1992) .
Internal consistency of the WHOQOL-BREF domains
Univariate analysis of variables related to the WHOQOL-BREF
Univariate analyses of WHOQOL-BREF domains and rated QOL and Satisfaction with Health questions were carried out in relation to a number of variables including, but not limited to, chronic diseases, self-reported health conditions, socio-demographic characteristics, audibility of wind turbines, WTN annoyance, annoyance with the visual aspect of wind turbines and other variables related to the perception of wind turbines, which could conceivably be expected to influence QOL. Included among these variables was personal benefit. In this study, personal benefit refers to those who reported to benefit in any way from having a wind turbine in their area, including receiving rent, payments or other indirect benefits from community improvements. The primary objective in the current analysis was to use multiple regression models to identify the variables that have the strongest statistical association with the WHOQOL-BREF domains and rated QOL and Satisfaction with Health questions. All explanatory variables significant at the 20% level in the univariate analysis were considered in the multiple regression models. The univariate analyses are available in Supplemental material.
Multiple linear regression models for WHOQOL-BREF domains
Multiple linear regression models to describe the variability in the WHOQOL-BREF domains were developed using stepwise regression with 20% significance entry criteria for predictors and a 10% significance criteria to remain in the model. A complete list of these variables has been made available in Supplemental material. The final models for the three approaches to stepwise regression as listed in the statistical methods section produced nearly identical results to one another. Therefore, results are only presented for the regression method where the variables WTN, province and personal benefit were forced into the model. Tables 2a-2d present a detailed account of the demographic, wind-turbine related, personal and health-related variables found to be most strongly associated with the WHOQOL-BREF domains. The final multiple linear regression models accounted for 16%, 24%, 25% and 45% of the variance in the Social Relationships, Environment, Psychological and Physical Health domains, respectively. As shown in Tables 2a-2d, WTN exposure was not found to be significant in any domain, even after adjusting for the other factors. Also, no differences between provinces were observed among domains with the exception of the Psychological domain, where ON had higher domain values than PEI (p¼ 0.0018). A notable observation was that high visual annoyance with wind turbines was associated with lower scores on the Physical Health (Table 2a) and Environment (Table 2d ) domains, p ¼0.01931 and p¼ 0.0096, respectively.
Multiple logistic regression models, QOL, Satisfaction with Health
Multiple logistic regression models to describe the variability in the two stand-alone questions of the WHOQOL-BREF (QOL and Satisfaction with Health) were also developed using stepwise regression with 20% significance entry criteria for predictors and a 10% significance criteria to remain in the model. A complete list of these variables has been made available in the Supplemental Material. The stepwise regression was carried out in a similar fashion as for the 4 domains i.e., (1) the base model included exposure to WTN categories and province; (2) the base model included exposure to WTN categories, province and an adjustment for participants who received personal benefit; and (3) the base model included exposure to WTN categories and province, conditional for those who received no personal benefit. The final models for the three approaches to stepwise regression listed above produced nearly identical results to one another. Therefore, results are only presented for the regression method where the variables WTN, province and personal benefit were forced into the model.
Multiple logistic regression models for prevalence of those who rated their QOL to be "poor" (includes the ratings "very poor" and "poor") and reported to be "dissatisfied" with their health (includes ratings "very dissatisfied" and "dissatisfied") are presented in Tables 3a and 3b. In both models there was no statistically significant association between WTN levels and the prevalence rates for reporting "poor" QOL or "dissatisfied" Satisfaction with Health, even after adjusting for the other demographic, wind-turbine related and personal and health-related variables (as listed in Tables 3a and 3b ). Prevalence rates for both QOL and Satisfaction with Health were similar in both ON and PEI. Together, these variables accounted for 31% and 29% of the variance in rated QOL (Table 3a) and Satisfaction with Health, respectively (Table 3b) .
A summary table highlighting all variables retained in the multiple regression models for the 4 WHOQOL-BREF domains and two stand-alone questions is presented as Table 4 .
Discussion
The present study findings do not support an association between exposure to WTN up to 46 dBA and any of the WHOQOL-BREF domains (Physical Health, Psychological, Social Relationships and Environment) or the two stand-alone questions pertaining to rated QOL and Satisfaction with Health. Participants who were exposed to higher WTN levels did not rate their QOL or Satisfaction with Health significantly worse than those who were exposed to lower WTN levels, nor did they report having significantly worse outcomes in terms of factors that comprise the 4 domains. This is contrary to the findings of Shepherd et al. (2011) who also measured QOL using the WHOQOL-BREF questionnaire. Shepherd et al. (2011) reported significantly lower mean Physical and Environment domain scores and QOL rating among the 39 participants (drawn from 56 dwellings) within 2 km of a wind turbine compared to the 158 participants (drawn from 250 dwellings) that were located at least 8 km from a wind farm. It is difficult to compare these findings with the current study insofar as the participants living within 2 km of a wind turbine in Shepherd et al. (2011) were reportedly exposed to WTN levels ranging from 20 to 50 dB. This encompasses the entire range of exposure in the present study.
A study by Nissenbaum et al. (2012) assessed QOL using the SF-36 s questionnaire and utilized an approach similar to Shepherd et al. (2011) . Nissenbaum et al. (2012) compared QOL scores among two distance groups from two wind farms. These authors reported lower mean scores for the mental component of the SF-36 s among a group of 38 participants from 65 identified adults living between 375 m and 1400 m from the nearest wind turbine when compared to a group of 41 participants living between 3.3 km and 6.6 km away. For the same reasons outlined above concerning Shepherd et al. (2011) , it is difficult to compare the findings from the current study to those reported by Nissenbaum et al. (2012) . Additionally, a different QOL instrument, the SF-36 s , was used in the Nissenbaum et al. (2012) study. The SF-36 s , also used in a Polish wind turbine study by Mroczek et al. (2012) , is a valuable tool in assessing health and functional status. However, the SF-36 s does not examine perceptions of health and well-being to the same degree as the WHOQOL-BREF, nor does it include satisfaction with the living environment and neighbourhood (Asnani et al., 2009; Cruice et al., 2000) . The inclusion of environmental and neighbourhood satisfaction would seem to be particularly relevant in the context of wind turbines and how they may impact QOL. Although there is some evidence that indicates the WHOQOL-BREF and SF-36 s are comparable in measuring QOL among different clinical populations (Asnani et al., 2009; Hsiung et al., 2005) , it is not clear whether this would also apply to communities living within the vicinity of wind turbine installations.
In contrast to Nissenbaum et al. (2012) , Mroczek et al. (2012) reported significantly improved QOL on all eight scales of the SF-36 s among a Polish population of 220 individuals living within 700 m of a wind farm compared to the 424 individuals living beyond 1500 m. Mroczek et al. (2012) noted that some individuals received economic benefit associated with wind turbines, however this variable was not included in their analysis. Furthermore, Mroczek et al. (2012) concluded that close proximity to wind farms did not result in worsening of QOL, and suggested future research include questions about economic benefit from both land rental for wind farm construction and possible employment in the wind industry.
The influence that economic benefit may have on QOL is uncertain. Receiving personal benefit, when analysed alone, was related to all 4 WHOQOL-BREF domains as well as QOL and Satisfaction with Health stand-alone questions. However, when other variables were also considered in the multiple regression models the relationships changed and personal benefit was only found to be (marginally) related to the Physical Health domain (p¼0.0415). This finding was independent of WTN exposure. In relation to personal benefit, a similar finding was reported by van den Berg et al. (2008), who concluded that 'those benefiting are more usually 'healthy farmers', have a more positive view on the visual impact of wind turbines and are relatively young and well educated'. Although exposure to WTN was not found to be related to the 4 domains or the QOL or Satisfaction with Health questions, there were specific wind turbine-related variables, beyond personal benefit, that did have an influence on some of these outcomes and which were retained in the multiple regression models. Reporting high visual annoyance from wind turbines was found to be related to lower scores on both the Physical Health and Environment domains of the WHOQOL-BREF, but was unrelated to Psychological, Social Relationships, or rated QOL or Satisfaction with Health. The link between high visual annoyance and lower Environment domain scores is not unexpected as this domain taps into the level of satisfaction respondents report with their physical living space and how healthy and safe they believe their physical environment to be (WHOQOL-BREF, 1996) . It is therefore not unreasonable that the Environment domain score would be sensitive to one's annoyance towards the visual presence of wind turbines. In terms of the Physical Health domain, it could be speculated that a high visual annoyance with wind turbines may influence one or more of the facets which comprise this particular domain. It is also possible that the visual perception of wind turbines may have an influence on the perception of the sound levels produced by wind turbines. Visual attributes were found to have an influence on the auditory perception of wind turbines in a controlled laboratory study by Maffei et al. (2013) and may extend to field settings. Although this study represents a relatively new area of investigation, the findings of this study add to existing research that have reported visual disturbance from wind turbines or negative attitudes towards the visual impact of wind turbines on the landscape (Blackburn et al., 2009; Devine-Wright and Howes, 2010; Pasqualetti, 2011; Pedersen and Larsman, 2008; Pedersen and Persson Waye, 2007) .
The CNHS study included questions to investigate the length of time respondents reported that wind turbines were audible as a proxy for their history of exposure to WTN. The rationale was to provide insight into whether individuals were adapting or becoming sensitized to WTN exposure over time. Comparisons between participants not hearing wind turbines at all and those who reported hearing them for less than or greater than or equal to 1 year, revealed that those who reported to have heard WTN for less than 1 year had slightly higher (i.e. mean difference between 0.78 and 1.0) scores on the Psychological domain, relative to the absent and greater than or equal to 1 year categories. The small changes between groups, the inconsistent pattern of response with extended audibility and the lack of longer term follow-up make it impossible to draw any meaningful conclusions from these results.
With respect to noise sensitivity, 14% of the respondents indicated that they were either very or extremely (i.e. highly) sensitive to noise in general, which is in line with the prevalence rates Table 4 Summary of variables retained in multiple regression models for WHOQOL-BREF of 12% and 15% reported in previous studies (Miedema and Vos, 2003; van Kamp et al., 2004) . In the univariate analysis, noise sensitivity was found to be significantly associated with Physical Health, Social Relationships, and Environment domains and marginally with the Psychological domain. In all cases, being highly noise sensitive was related to a worsening of QOL in these areas. Similarly, the odds of reporting poor QOL and Dissatisfaction with Health were higher among those who were highly noise sensitive. However, when considered along with other factors in multiple regression models for the different domains and two stand-alone WHOQOL-BREF questions, noise sensitivity becomes less relevant. This suggests that other factors, which included, but were not limited to, having chronic pain or a chronic disease, being unemployed and suffering from migraines, were more important in explaining the overall variance in the final models.
Conclusions
In the current study, the overall variance accounted for in the multiple regression models pertaining to the 4 WHOQOL-BREF domains was between 16% and 45%. The models for the two standalone questions, rated QOL and Satisfaction with Health, were also rather weak at 31% and 29%, respectively. These findings demonstrate that most of the variance in these models cannot be accounted for by the variables included in the current study. Many of the demographic and health-related variables previously shown to be related to QOL were statistically related to multiple QOL parameters assessed using the WHOQOL-BREF questionnaire. This demonstrates that the utilization of this tool in the current study was a sensitive measure for detecting changes in QOL. Therefore, it is notable that WTN levels up to 46 dB were not statistically related to any of the modeled outcomes.
The current study modeled WTN levels using a long term A-weighted metric, however it may be that a noise metric other than, or in addition to the A-weighting may reveal a stronger association with self-reported QOL. In the current study, C-weighted WTN levels were modeled in addition to A-weighted levels, however these results were not presented as the dBC and dBA values were highly correlated (Michaud, 2015) . A large-scale wind turbine epidemiological/laboratory study conducted in Japan considered A-C-and G-weighted WTN levels, in addition to amplitude modulation, and concluded that the response to wind turbines was more accurately assessed using the A-weighted metric (Tachibana et al., 2014) . However, they concluded that a quantification of amplitude modulation and tonality was warranted in future wind turbine studies, a conclusion echoed in a key finding of the Council of Canadian Academies (2015) following their review of the wind turbine literature. Therefore, a quantification of these sound characteristics may provide further insight into how WTN exposure may influence QOL.
